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A Partial Comparative Estimate of Three 
Methods for the Propagation of Infectious 
Agents in Developing Chick Embryos 
S. H. McNutt, D.V.M.* 
D EVELOPING chick embryos have been employed rather extensively 
in this laboratory for the propagation of 
various infectious agents during the past 
three years. The method was used to 
study the effect of the various agents on 
chick embryos, to find an easy, efficient, 
and cheap method of rapid propagation, 
to aid in the identification of the various 
agents, and to isolate them or to test for 
their presence in various filtrates, ex-
udates, and tissues. Thus there was no 
intention of critical tests of the different 
methods of chick embryo inoculations to 
determine which method was most satis-
factory for each agent employed. How-
ever, partial tests or fairly complete tests 
have been made in some cases and certain 
conclusions are apparent. 
Technique of Inoculation 
For such propagation or attempted 
propagation of infectious agents three 
types of chick embryo inoculations have 
been employed; on the chorioallantoic 
membrane, into the allantoic or amnionic 
sacs, and into the yolk sac. All the inocula-
tions on the chorioallantoic membrane 
were made through a window over the 
embryo in an artificial air cell. The win-
dow was then closed with tape or a cover 
glass. When inoculations were made into 
the allantoic sac it is likely that the am-
nionic sac was sometimes punctured and 
it received the full inoculum. Two slightly 
different methods were employed when 
inoculating into the allantoic sac. The 
embryos were located in the eggs by 
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candling, and if the inoculation was to be 
made through the side of the egg over 
the embryo, an area free of blood vessels 
was also marked for the point of inocula-
tion. Since the embryo and its membranes 
are the lightest part of the egg, these 
parts float at the highest point. Hence 
eggs were maintained with the embryos 
at the highest point in the eggs until 
after inoculation to insure against dislo-
cation of the embryos during that time. 
A hole was made through the shell and 
shell membrane into the natural air cell. 
The inoculations into the allantoic sac 
were made through this hole directing the 
inoculating needle toward the region of 
the embryo, or a second hole was ground 
through the shell, but not through the 
shell membranes, directly over the em-
bryo. In the latter case the inoculation 
was made through this hole. The inocu-
lating needle punctured the shell mem-
branes and was introduced 1/4 to % inch, 
depending somewhat on the age of the 
embryo. The hole over the embryo was 
then closed with paraffin, and the one into 
the natural air cell left open. The method 
of Cox1 was used to inoculate into the 
yolk sac, in fact, this seems to be the only 
method that can be employed. No direct 
attempt was made to locate the yolk, but 
since it lies at a lower level and on the 
side opposite the embryo, the location of 
the embryo only was marked on the shell 
and the egg held in position so that it and 
the yolk sac would not float out of location 
until after inoculation. After a hole was 
made through the shell over the natural 
air cell, a 20 gauge 11/4 inch needle fitted 
to a syringe containing the inoculum was 
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introduced through the shell membrane 
and the air cell, to a depth of about % to 
1 inch into the egg in the region below 
the embryo where the inoculation was 
made. If one cares to test his ability to 
hit the yolk sac by this method, it is only 
necessary to try a number of embryos 
with a needle and empty syringe. When 
the needle is in the yolk sac the yolk 
material can be pulled back into the 
empty syringe. The yolk sac is rather 
difficul t to miss. 
Incubation of Eggs 
The incubating eggs and the inoculated 
embryos were maintained in the same 
incubator. They were set in trays with 
the larger end of the egg uppermost, the 
usual position for incubating eggs. The 
eggs were turned once a day by hand. The 
temperature at about an inch above the 
eggs was kept at about 102 0 to 1030 F. 
Humidity was maintained so that the eggs 
did not dry out too rapidly or too slowly. 
In fact, the incubation was under good 
hatching conditions as shown by large 
batches of strong chicks from eggs that 
were allowed to incubate full time. It 
was felt that the old type incubator held 
some advantages over the new types for 
this work. Incubation of inoculated em-
bryos at lower temperatures following in-
oculation was not beneficial in trials to 
date, although it was recognized that this 
might be essential in some instances. 
Two protozoa, two anaerobes, four vi-
ruses, and one coccus-like or pleuropneu-
monia-like organism were grown in de-
veloping chick embryos. A number of 
other infectious agents were also tried 
but without apparent success. The two 
protozoa were Trichomonas vaginalis and 
Trichomonas foetus, McNutt and Trus-
selF. Satisfactory multiplication was ob-
tained with them only when inoculations 
were made into the allantoic sac. Inocu-
lations on the chorioallantoic membrane 
and into the yolk sac were unsatisfactory. 
Very young embryos of about 6 days of 
age seemed best. There appeared to be 
no good reason for propagation of either 
of these two parasites in chick embryos, 
since both were easily grown in artificial 
medium. 
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One of the two anaerobes that were 
grown in chick embryos was isolated from 
the brain of a hog affected with encepha-
litis. There is no doubt but what it was 
the cause of the sickness and death of the 
animal. The other anaerobe was isolated 
from the brain of one of two cows, both 
of which died rather suddenly after a 
brief illness in which nervous symptoms 
were manifest. Only one of the two dead 
cows was examined. It showed a severe 
encephalitis, and the anaerobe was the 
only infectious agent found. It appeared 
that it was the cause of death in both 
cows. When the usual aerobic cultures 
made from the tissues of the hog and the 
one cow failed to show bacterial growth, 
brain suspensions from the animals were 
injected into the yolk sac of chick em-
bryos. In both instances such injection 
resulted in the death of embryos within 
2 to 3 days, and the organisms were then 
obtained in laboratory medium employed 
for anaerobic organisms. Later, labora-
tory animals injected with brain suspen-
sions from the original animals likewise 
yielded the same organism in pure cul-
ture. Embryos of from 6 to 10 days old 
were employed for this work. Growth of 
the two anaerobes compared favorably 
with that obtained in the usual laboratory 
media. The yolk sac furnished satisfac-
tory anaerobic conditions, and inoculation 
by other routes might also prove suc-
cessful as was the case with most bacteria. 
No effort was made to identify the 
anaerobes, because they apparently oc-
curred in rare isolated cases and were of 
no significance in either cattle or swine. 
However, this is a good example of the 
isolation of an infectious agent when some 
other methods failed. 
Peculiarity Encountered 
A peculiar circumstance was sometimes 
encountered on initial inoculation of 
chick embryos with western equine en-
cephalomyelitis virus, McNutt and Pack-
er:;. It was sometimes found that the first 
inoculations of virus propagated in guinea 
pigs did not take when injected into the 
allantoic sac, but that the same material 
inoculated in the yolk sac resulted in 
nearly a hundred per cent takes. Once 
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the virus was established by yolk sac 
inoculation, takes were obtained by any 
method. One passage through the yolk 
sac was all that was necessary. Once es-
tablished in embryos the virus grew 
readily and in such great concentration 
that it seemed only necessary to intro-
duce the virus almost anywhere inside 
the incubating egg. Embryos of less than 
11 days old were usually employed with 
this virus. The yolk sac method of inocu-
lation is now used exclusively in this 
laboratory for embryo propagation of 
western equine encephalomyelitis virus. 
There was some indication that the yolk 
sac and the yolk material contained a 
very high concentration of virus which 
would be discarded in vaccine prepara-
tion. For instance, sera that neutralized 
guinea pig brain virus in dilutions of 
1: 20,000, when mixed equal parts of serum 
and virus dilution, failed to neutralize 
yolk sac virus when diluted one in a mil-
lion, indicating a virus concentration of 
50 to 500 times that found in guinea pig 
brain. 
Lymphocytic Choriomeningitis 
Lymphocyti~ choriomeningitis virus 
from guinea pigs was grown in chick 
embryos both on the chorioallantoic mem-
brane and in the yolk sac, Alice and Mc-
Nutt4. Either method was satisfactory, 
but because with the yolk sac method no 
special equipment was required, the 
chance of accidental bacterial contamina-
tion was minimized, and much less labor 
was necessary, it was the method of 
choice. The virus content of embryos in-
jected in the yolk sac was compared to 
that of embryos inoculated on the chorIO-
allantoic membrane. No difference in 
virus content was noted. Embryos of 
from 6 to 8 days of age were apparently 
more satisfactory than older embryos for 
yolk sac propagation. Older embryos 
sometimes did not die, but no tests of 
virus content were made on such em-
bryos that remained alive. When the 
younger embryos were injected, death 
followed in from 2 to 7 days, usually in 
3 to 4 days. When lymphocytic chorio-
meningitis virus was injected into the 
allantoic sac, the embryos did not die 
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and it was thought these trials were un-
successful. Much the same situation was 
found when Aujeszky's disease virus, 
pseudorabies, was inoculated into the 
yolk sac, McNutt and Alice". The virus 
was not inoculated on the chorioallantoic 
membrane since this has been studied 
rather extensively by othersfl .7.8 . Embryos 
of from 6 to 9 days of age proved superior 
to older embryos for the propagation of 
the virus of Aujeszky's disease when 
measured by death of the embryos. Su~h 
embryos died in from 2 to 8 days follow-
ing inoculation, usually in 3 to 4 days. 
The swine influenza virus has be~n 
grown on the chorioallantoic membrane 
of chick embryos by Scott1J and perhaps 
by others using this or other methods. 
The yolk sac method has proved very 
successful in this laboratory. Embryos 
of 6 to 8 days old were employed. Inocu-
lated embryos died in 3 to 6 days follow-
ing inoculation or even sooner. The virus 
was then carried through pigs and again 
into embryos. With swine pox virus, 
embryo propagation appeared not to be 
successful, although prolonged serial pas-
sage and tests on hogs were not con-
ducted. Both the chorioallantoic mem-
brane and the yolk sac were tried. The 
virus of malignant catarrhal fever has 
been injected into the yolk sac in initial 
trials. Since this appeared not to affect 
the embryos it was tentatively concluded 
that the embryo injections were not suc-
cessful, although again critical tests were 
not employed. 
Growth Favorable in Yolk Sac 
Suspensions of guinea pig tissues con-
taining the causal agent of sporadic bo-
vine encephalomyelitis were injected into 
the allantoic sac and the yolk sac. Only 
the yolk sac inoculations were satisfac-
tory, McNutt10 and McNutt and Stearnsll • 
Embryos from 6 to 9 days old seemed 
most satisfactory partly because they 
were more easy to work with. With this 
disease a study of the infected yolk sacs 
showed coccus-like or pleuropneumonia-
like organisms in association with the 
large epithelial cells lining the inner part 
of the sacs. These bodies appeared to be 
(Contimwd on page 41) 
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the causal agent. It would seem that this 
is another disease in which a study of in-
fected yolk sacs has aided in the under-
standing and identification of the causal 
agent. It may be added that a study of 
the yolk sac has been made with most of 
the other infectious agents so far em-
ployed, but significant findings were made 
only in the case of the bovine encepha-
litis. 
SUMMARY 
With the nine infectious agents tested, 
the yolk sac method of propagation proved 
to be equally or more satisfactory than 
the other two methods, except for the 
two protozoa which multiplied best in 
the allantoic sac. Also, with the excep-
tion of the protozoa, all the various in-
fectious materials caused the embryos 
to die in less than seven days once they 
were established in the embryos. The 
equine virus caused death usually in less 
than 24 hours as expected, while the 
others all fell into one group which on 
the average caused death of the embryos 
within 3 to 4 days, again excepting the 
protozoa which seemed not to kill em-
bryos. Younger embryos of from 6 to 9 
days were employed because they are 
easier to work with when laboratory 
facilities are limited, but in some instances 
the younger embryos were actually su-
perior, as with T. vaginalis, T. foetus, 
and the virus of Aujeszky's disease. If 
one uses death of the inoculated embryos 
as the sign of growth and multiplication 
of an infectious agent, very young em-
bryos are often more satisfactory for 
initial trials, because in the initial inocu-
lations death may be delayed. Thus, if 
such inoculations are made into older 
embryos, sufficient time would not always 
be available for death to occur. As shown 
above, all the disease producing entities 
that have been grown on the chorioallan-
toic membrane were grown equally well 
and sometimes better in the yolk sac. It 
appears likely that most infections that 
can be grown on the membrane can also 
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be grown in the yolk sac. An enormous 
concentration of the infective agent was 
found in embryos injected with sporadic 
bovine encephalomyelitis and with the 
western equine encephalomyelitis, but not 
with the others so far tested. This is not 
to say that there was a low concentration 
in these instances. It compared favorably 
with tissues of infected animals. 
The yolk sac method has many ad-
vantages over the membrane method. It 
is much easier, less tedious, less time con-
suming, is conducted with less chance of 
bacterial contamination, and requires no 
special equipment or facilities. It can, 
therefore, be carried out with extreme 
ease in any ordinary laboratory. In cases 
where one is uncertain as to the type of 
infection present, it often happens that 
all kinds of laboratory media and experi-
mental animals are not immediately avail-
able. In these instances inoculation of 
chick embryos is often a great aid. When 
one's time is limited and it is not possible 
to use a number of embryo inoculation 
methods, the yolk sac one is preferable. 
That material for tests in embryos must 
be entirely free of contaminating non-
pathogenic bacteria constitutes a major 
disadvantage of the embryo method for 
detecting infection. Such contamination 
renders the tests worthless; however, if a 
virus is suspected, the material may be 
freed of bacteria by filtration. 
In conclusion it can be said that if one 
were limited to a single method of chick 
embryo inoculation, the yolk sac method 
would be the one of choice. 
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CUSSACKS 
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tine consisted of drill at a halt and in-
cluded nearly every movement possible 
to do and yet stay on the horse. Drill 
at a gallop included dismount and mount 
with and without jumps and to stand with 
and without jumps. With the horses 
coupled in pairs, dismount and mount 
the off horse to a stand was performed 
and Roman riding was also done in 
"Monkey Drill." 
Add Color 
After three seasons, "Monkey Drill" 
was succeeded by the College Cossacks 
whose first practice was begun in May, 
1931. In the spring of 1932 the coach, 
Capt. Richard M. Wightman, utilized 
12 horses and 26 men in putting on a full 
cossack show. The cossack routine differ-
ed from "Monkey Drill" in having fewer 
maneuvers with the horses at a halt and 
a more extensive program with the 
mounts at a gallop while coupled in pairs 
and threes. The latter change added 
much color to the drill as it included, 
among other things, the pyramid formed 
by six men on a· three horse team. In 
1933, the cossacks expanded their pro-
gram to include 30 horses at the Veishea 
show by supplementing their routine 
with such acts as a pick-up race and 
mounted wrestling. 
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Keen Competition 
Coached by Major Jesse B. Matlack, 
the cossacks continued to develop in abil-
ity during the period of 1934 to 1937. 
Their popularity also increased. Pros-
pective riders turned out in quantity and 
competition for positions was keen. At 
the beginning of the 1935-36 season, 40 
men with previous experience and 85 new 
recruits reported for practice. Since a 
complete team required but 36 riders, it 
was possible to select those who excelled 
in ability and performance. The same 
was true during the following years, en-
abling the organization to maintain a high 
standard of skill during each succeeding 
season. 
In the fall of 1937, Capt. T. C. Woods 
was appointed cossack coach to be fol-
lowed by Lt. Kenneth P. Burns in 1939, 
and Capt. D. A. Larson in 1942. With the 
exception of the 1942-43 season, a full 
team of 18 horses, 36 riders, two guidons 
and a cadet captain were used. 
Name Changed 
The acrobatic horsemen made their 
debut to the military circus March 1, 1930 
while their act was yet known as "Monkey 
Drill." On February 28th, the following 
season, "Monkey Drill" was again given 
at the military circus. Three months 
. later, "Monkey Drill" was changed to 
the College Cossacks who have since per-
formed annually at Veishea and at the 
Mili tary Circus. 
Just what the future will bring in the 
way of the return of Iowa State riding or-
ganizations is a matter of conjecture which 
perhaps should not even be discussed 
before the ax has fallen on the Axis. But 
we can hope that some form of activity 
will arise to fill the gap and continue to 
make our education more enjoyable and 
perhaps somewhat more complete. 
Atabrine, synthetic substitute for quin-
ine, is being made at the rate of a billion 
tablets a year. Whether atabrine is micro-
bicide against microbial pathogens in ani-
mals remains to be determined. 
-J.A.V.M.A. 
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